In this article, the role of functional imaging for providing objective evidence that grafts of fetal tissue can survive and form connections in Parkinson's and Huntington's disease patients is reviewed. The dissociation between dopamine storage capacity, clinical improvement, and normalization of brain metabolism in PD is discussed, and possible mechanisms underlying the phenomenon of dyskinesias off medication are presented. It is concluded the positron emission tomography and single photon emission computed tomography can provide valuable ancillary information alongside clinical observations but are not currently appropriate modalities for use as surrogate endpoints.
INTRODUCTION
Positron emission tomography (PET) allows regional changes in brain metabolism, blood flow, and receptor binding to be detected in vivo and quantitated in Parkinson's disease (PD) and Huntington's disease (HD). Current tomographs have a resolution of 3-4 mm and so are potentially capable of examining the function of individual implant sites in the striatum. There are two main approaches when using functional imaging to measure the changes in regional cerebral function associated with neurodegenerative disorders and transplantation: 1) resting changes in regional cerebral metabolism, blood flow, and neuroreceptor binding can be studied in the host brain and grafted tissue, and 2) alterations in the levels of regional cerebral blood flow (rCBF) or dopamine release can be monitored while patients perform motor paradigms. In this way, the efficacy of stereotaxically implanted tissue in normalizing regional cerebral metabolism, neurotransmission, and task-induced activation can be determined in movement disorder patients.
Current PET cameras have a reconstructed image resolution of 4-5 mm and are now able to examine the function of individual brainstem nuclei, Brodmann cortical areas, and tissue implant sites. Their increased sensitivity also enables raw images of tracer uptake to be converted to parametric maps of tracer influx constants (K i ) or volumes of distribution representing specific binding at a voxel level. These parametric images of rCBF, resting and activated metabolism, or receptor binding can then be interrogated with statistical parametric mapping (SPM) to localize clusters of voxels where change has occurred in patients with PD or HD compared with controls or before and after transplantation. SPM has the advantage over a standard region-of-interest approach that changes in regional brain and graft function may be detected in brain areas that were not sampled a priori. The disadvantage of SPM is the requirement for stereotaxic transformation of three-dimensional data sets with a resultant loss of spatial resolution.
THE PRESYNAPTIC DOPAMINERGIC SYSTEM
18 F-dopa PET was the first in vivo marker of dopamine terminal function to be developed. After its intravenous administration 18 F-dopa is taken up by the terminals of dopaminergic projections and stored as 18 F-dopamine and its metabolites. 1 The rate of striatal 18 F accumulation reflects both 18 F-dopa transport into striatal dopamine vesicles and its decarboxylation by dopa decarboxylase (DDC). Within the 90 min of a conventional 18 F-dopa PET scan, striatal 18 F uptake can be regarded as essentially unidirectional and so can be represented kinetically by an influx constant, K i .
2,3 18 F-dopa PET, coupled with SPM, reveals bilateral loss of 18 F-dopa uptake in puta-men in early hemi-PD patients, dorsal structures being more affected than ventral. 4 Reductions of motor cortex and posterior cingulate K i can also be detected. In patients with established bilateral PD, 18 F-dopa K i is reduced in dorsal and ventral caudate and putamen, substantia nigra, and midbrain tegmentum and also in motor, premotor, and prefrontal cortex. Levels of putamen 18 Fdopa uptake in PD correlate with clinical disease severity rated off medication, as reflected by the unified Parkinson's disease rating scale (UPDRS). 5 Whereas 18 F-dopa uptake reflects striatal dopamine terminal density, levels of DDC activity are also subject to compensatory regulation when terminal loss occurs, as in PD, and may also be influenced by dopaminergic agents. 6 Given this, striatal K i values may well overestimate nigral cell reserves in PD.
Subsequently, PET and single-photon emission computed tomography (SPECT) tracers that bind to dopamine transporters (DAT) on nigrostriatal terminals and monoamine vesicular transporters (VMAT2) have been developed. DAT tracers are in the main tropane-based markers, such as 11 C-CFT, 11 C-RTI-32, 123 I-␤-CIT, and 123 I-FP-CIT 7-10 , whereas non-tropane-based markers include 11 C-methylphenidate 11 and 11 C-nomifensine. 12 Uptake of these tracers correlates with PD disability rated off medication but, like DDC, the DAT is potentially subject to compensatory regulation and direct pharmacological effects. 13 In contrast to 18 F-dopa PET, DAT markers are likely to underestimate rather than overestimate nigral cell reserve. The only well established VMAT2 marker is 11 C-dihydrotetrabenazine (DTBZ) PET.
14 Striatal uptake of 11 C-DTBZ correlates with PD UPDRS scores, and it has been suggested that this modality is less sensitive to regulation than DDC or DAT markers and so gives a truer reflection of dopamine terminal density.
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THE POSTSYNAPTIC DOPAMINERGIC SYSTEM
Postsynaptic dopamine receptors broadly fall into two classes: D 1 -type (D 1 , D 5 ), which are adenyl cyclase dependent, and D 2 -type (D 2 , D 3 , D 4 ), which are not. The striatum contains mainly D 1 and D 2 receptors, and both play a primary role in modulating locomotor function. In untreated PD patients later shown to be responsive to levodopa or apomorphine spiperone-based tracer PET and 123 I-IBZM, SPECT studies have generally reported normal levels of striatal binding, whereas 11 C-raclopride PET studies have shown 10-20% increases in putamen D 2 site availability contralateral to the more affected limbs. [15] [16] [17] In long-term medicated PD, spiperone-based tracer PET and 123 I-IBZM SPECT studies have reported normal and reduced striatal D 2 binding in chronically treated PD.
11 C-raclopride PET has shown that, after several months of exposure to levodopa, initially increased putamen 11 C-raclopride binding in de novo PD patients normalizes. 16, 18 PET studies with spiperone-based tracers, 19 11 C-raclopride, 20 and 123 I-IBZM SPECT 21 have all shown that striatal D 2 binding is severely reduced in affected HD patients. A significant loss of striatal D 2 binding can also be detected in asymptomatic adults with the HD mutation, 22 with patients becoming symptomatic after ϳ30% loss of striatal dopamine D 2 binding.
INDIRECT ASSESSMENT OF DOPAMINE RELEASE
11 C-raclopride and 123 I-IBZM are both benzamide ligands with affinity for the D2 receptor in the low nanomolar range and so are subject to competitive displacement by endogenous dopamine. 23 They are also unable to attach to D2 receptors that have been temporarily internalized into the cell soma after binding of endogenous dopamine. 24 Agents known to increase levels of synaptic DA, such as levodopa 25 and amphetamine, 26 result in reduced striatal 11 C-raclopride and 123 I-IBZM binding, as does locomotor activity. 27 In normal subjects, a 0.3 mg/kg infusion of amphetamine results in a 25% reduction in striatal 11 C-raclopride binding, which has been estimated to represent at least a 10-fold increase in synaptic dopamine levels. 28 In PD patients, infusion of amphetamine results on average in only 40% of the dopamine release seen in normal subjects.
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RESTING METABOLIC AND ACTIVATION STUDIES
15 O 2 and 18F-2-fluoro-2-deoxy-D-glucose ( 18 FDG)-PET studies have shown increased levels of resting oxygen and glucose metabolism in the contralateral lentiform nucleus of hemiparkinsonian patients with early disease. 30, 31 PD patients with established bilateral symptoms have normal levels of lentiform metabolism. 30, 32 Covariance analysis, however, reveals an abnormal profile of relatively raised resting lentiform nucleus and lowered frontal metabolism in PD patients with established disease even when absolute values are normal. 32 The degree of expression of this profile correlates with clinical disease severity. 33 When normal subjects perform either paced movements of a joystick in freely selected directions, there are associated increases in rCBF in the contralateral sensorimotor cortex and lentiform nucleus and bilaterally in anterior cingulate, supplementary motor area (SMA), lateral premotor cortex, and dorsolateral prefrontal cortex (DLPFC). 34, 35 PD patients, taken off medication for 12 h, show selectively impaired activation of the contralateral lentiform nucleus and the anterior cingulate, rostral SMA, and dorsal prefrontal cortex when they perform this motor task, i.e., impaired activation of those cortical areas that receive their main input from the basal ganglia. Normalization of the pattern of resting glucose metabolism and of activation of the SMA and DLPFC during movement can be restored in PD patients after treatment with dopaminergic agents such as levodopa 36 and apomorphine 37 or deep brain stimulation of the internal pallidum 38 and subthalamus. O 2 PET, clinically affected HD patients show severely reduced resting levels of glucose and oxygen metabolism of the caudate and lentiform nuclei. 40 -42 Levels of resting putamen metabolism correlate with locomotor function and caudate metabolism with performance on tests sensitive to frontal lobe function. 43, 44 In early HD, cortical metabolism is preserved but as the disease progresses and dementia becomes prominent it also declines, with the frontal cortex being targeted. 45 Reduced caudate glucose metabolism has been reported in between 38% and 75% of asymptomatic adult HD gene carriers in various series. 46 -48 It has been estimated that at least a 30% loss of striatal glucose metabolism is required before HD gene carriers become symptomatic.
IMAGING MEASUREMENTS OF PD AND HD PROGRESSION
PET and SPECT both provide in vivo means of objectively monitoring the progression of neurodegenerative disorders and the functional effects of restorative treatments. An average 7-12% annual decline in baseline putamen dopaminergic function has been reported in early PD using 18 F-dopa PET, 18 F-CFT PET, and 123 I-␤-CIT SPECT. 49 -51 These studies have estimated a preclinical window of 4-6 years for late onset idiopathic disease. The rate of progression of HD has also been followed with PET. 18 FDG PET series have reported that striatal glucose metabolism declines annually by around 3% from baseline levels, whereas striatal D 1 and D 2 binding falls at an annual rate of 3-6% in early HD. 48, 52 
TRANSPLANTATION IN PD
Dopaminergic studies
Although dopaminergic grafts have been shown to express DATs at postmortem, 53 a recent PET study was unable to detect significant increases in DAT binding after implantation of fetal mesencephalic cells, even though putamen 18 F-dopa uptake improved. 54 Currently, there are no reported DTBZ PET data on the expression and survival of VMAT2 in mesencephalic grafts. Given this, this section will concentrate on 18 F-dopa PET findings in PD.
There has been only one 18 F-dopa PET report concerning autologous implants of adrenal tissue in PD. 55 Five patients received implants to the right caudate, but no convincing PET evidence of graft function was found 6 weeks postoperatively. A pilot open study studying the safety and efficacy of porcine mesencephalic xenografts when transplanted unilaterally into striatum in 12 PD patients with severe disease has also been reported. 56 In this series, only 2 of 10 evaluable patients showed significant improvements in locomotor disability, rated with the UPDRS, but no increases in striatal 18 F-dopa uptake were evident. Serial 18 F-dopa PET data were initially reported in an open manner for small series of younger PD patients who received unilateral or bilateral implants of human fetal mesencephalic cells using different operative approaches and methods of cell preparation. The majority of these showed convincing 18 F-dopa PET evidence of graft function sustained from 6 months to 10 years of follow-up. [57] [58] [59] [60] [61] [62] [63] [64] [65] Two of these parkinsonian patients were 1-methyl-4-phenyl-1,2,3,6-tetrahydro-pyridine-exposed individuals. 66 The Lund group 61 reported up to 6-year follow-up data on six PD patients who received unilateral dorsal putamen (and in two cases, head of caudate) implants of human 6-to 9-week gestation fetal mesencephalic cells. All patients received prednisolone, cyclosporin, and azathoprine immunosuppressive cover. At 1 year after transplantation, there was a mean 68% increase in putamen 18 F-dopa uptake on the transplanted side but only a 6% increase in transplanted caudate 18 F-dopa uptake. Nongrafted putamen showed a corresponding mean 25% decrease in 18 F-dopa uptake. The mean UPDRS "off" motor score fell by 18% after 1 year, four of the six cases individually improving, and mean time in "off" fell by 34%. One of these six cases ceased to require dopaminergic medication and his putamen 18 F-dopa uptake reached normal levels. Despite this, for the group there was a dissociation between the relatively modest improvement in UPDRS scores and the more marked increase in putamen 18 F-dopa uptake. Five of these six PD patients subsequently received bilateral striatal implants of fetal dopaminergic cells. 64 After an additional 12-18 months, there was a mean 85% increase in 18 F-dopa uptake by the putamen receiving the second graft, whereas there was no overall change in mean 18 F-dopa uptake by the previously transplanted putamen, suggesting that dopamine storage capacity had now plateaued. Three of the five patients receiving a second graft were judged to have improved as evidenced by reduced bradykinesia, time in "off," and lower levodopa requirements. The other two worsened, but one of these developed features suggestive of multiple system atrophy.
Remy et al. 65 reported up to 2-year 18 F-dopa PET follow-up data on five PD patients, all of whom received unilateral putamen implants and two of whom received unilateral caudate implants of human fetal mesencephalic cells. At 1 year after transplantation, there was a 61% increase in 18 F-dopa uptake in grafted putamen, but there were no significant changes in implanted caudate 18 F-dopa uptake. Individual putamen K i values before and after grafting correlated with percentage times "on," and timed finger dexterity when "off." The authors concluded that raising putamen 18 F-dopa uptake to within two SDs of the normal mean via cell implantation should be sufficient to restore normal limb function in PD.
The Tampa group 58 presented 6-month follow-up data for four PD patients who received bilateral fetal mesencephalic tissue implants into posterior putamen. After transplantation, these workers observed 53% and 33% increases in right and left putamen 18 F-dopa uptake. All patients improved clinically when "off" with a mean 37% decrease in total UPDRS score and mean 41% increase in Schwab and England disability score. No significant changes in "on" ratings were noted. Percentage of time spent "off" fell by 65% and time "on" with dyskinesias fell by 92%. Gait improved in three of these four patients and freezing attacks resolved in two. Two of the transplanted PD patients in the Florida series subsequently died from unrelated causes and at postmortem viable tyrosine hydroxylase staining graft tissue forming connections with host neurons was seen. 67 This finding supports the view that 18 F-dopa PET is measuring graft function rather than simply reflecting host neuronal sprouting as a reaction to foreign tissue or the presence of blood-brain barrier breakdown. In a 2-year follow-up report on six cases, the workers noted that the mean total UPDRS "off" score had improved by 32% and that mean percentage of time "on" without dyskinesia during the waking day had improved from 22% to 60% (p Ͻ 0.05). Individual increases in putamen 18 F-dopa uptake seen over the first 12 months correlated with improvements in disability scores.
More recently, the Lund group performed bilateral putamen and caudate transplantations on four more PD cases (mean age, 50 years; clinical disease duration, 13 years). 63 By 6 months after surgery, mean putamen 18 Fdopa uptake had increased by 53%, whereas caudate uptake increased by 24% (FIG. 1) . Graft dopamine storage capacity then plateaued, being increased by 57% in putamen and 28% in caudate 20 months after transplantation. Motor disability, rated with the UPDRS, continuously improved over the 20 months, with scores falling by 50% despite the stabilization of dopamine storage capacity at 9 months. This suggested that graft function and integration continues to mature. It was possible to reduce levodopa dosage by a mean of 50%, and one of the four patients was able to cease taking levodopa altogether.
Given the encouraging findings of these pilot open series, two major double-blind controlled trials on the efficacy of implantation of human fetal cells in PD were sponsored by the National Institutes of Health (NIH) in the United States. The first trial involved 40 patients, who ranged from 34 to 75 years of age and had established severe PD (mean duration, 14 years). 68 Patients were randomized to receive either implants of human fetal mesencephalic tissue or undergo sham surgery. They were followed for 1 year after surgery with a subsequent extension to 3 years. In the transplant recipients, mesencephalic tissue from four embryos cultured for up to 1 month was implanted into the putamen bilaterally (two embryos per side) via a frontal approach. In the patients who underwent sham surgery, holes were drilled in the frontal skull but the dura was not penetrated. No immunotherapy was used.
The transplanted patients showed no significant improvement in the primary endpoint, clinical global impression, at 1 year, although there was a significant mean 18% improvement in the mean UPDRS motor score compared with the sham-surgery group when tested in the morning before receiving medication (p ϭ 0.04).
This modest clinical improvement contrasted with a 40% increase in putamen 18 F-dopa uptake. Improvement in disability was most evident for patients under 60 years of age (34% improvement; p ϭ 0.005), despite a similar increase in putamen 18 F-dopa uptake in both younger and older subgroups. By 3 years after surgery, mean total UPDRS scores were improved by 38% in the younger and 14% in the older transplanted groups (both p Ͻ 0.01) without a further increase in dopamine storage capacity. It was in this trial that the problem of "off" dystonia and dyskinesias in transplanted patients first came to light, with 15% of grafted patients experiencing this adverse event, even after reduction or termination of levodopa.
In the second NIH trial, 34 patients were randomized to receive bilateral implants of blocks of fetal mesencephalic tissue into posterior putamen (either four fetuses or one fetus per side) or had sham surgery (a partial burr hole without penetration of the dura). 69 Fetal tissue was cultured for up to 48 h before transplantation, and all patients received immunosuppression for the first 6 months after surgery. The trial duration was 2 years, and the primary outcome variable was change in "off" UPDRS motor score. Thirty-one patients completed the trial; two patients died during and another three died after the trial from unrelated causes.
At postmortem, the transplanted patients showed significantly greater tyrosine hydroxylase staining in the putamen than the sham surgery patients with graft innervation of intrinsic striatal cells evident. Mean putamen: occipital 18 F-dopa uptake ratios were unchanged in the control patients but showed 20% and 30% increases (p Ͻ 0.001) in patients receiving tissue from one and four fetuses, respectively. The mean UPDRS motor score off medication for the controls deteriorated by 9.4 and 3.5 points over 2 years for the control group and one fetus group and improved by 0.7 points for the four fetus group. These clinical changes were not significantly different overall (four fetus vs controls, p ϭ 0.096) but, interestingly, at 6 months (before discontinuation of immunosuppression) the transplanted groups were both significantly improved (p Ͻ 0.05). Interestingly, patients with less severe disease (UPDRS Ͻ 49) who received transplantation with four donors per side (n ϭ 6) improved by an adjusted mean score of 1.5, whereas those in the placebo group (n ϭ 6) deteriorated by 21.4 (p ϭ 0.005), although no age effect was noted. No significant differences in "on" time without dyskinesias, total "off" time, Activities of Daily Living scores, or levodopa dose required were evident between the groups. "Off" period dyskinesias were a problem in 13 of 23 implanted patients but were not seen in the control arm.
In summary, despite both histological and 18 F-dopa PET evidence of graft function, neither of these controlled double-blind trials demonstrated clinical efficacy with their primary endpoints and improvements were modest on secondary measures. There were indications, however, that younger, less severely affected patients could benefit from intrastriatal implantation of human fetal dopamine cells. In both of these trials, "off" period dyskinesias were problematic. 
Brain activation and dopamine release
To determine whether movement-related premotor and prefrontal cortex activation, both impaired in PD patients, improves as a result of striatal fetal dopaminergic cell implantation, four PD patients from the Lund series who received bilateral fetal transplants into caudate and putamen were serially studied with H 2 15 O PET at baseline and twice more over 2 years after surgery. 70 Activation-induced increases in rCBF were measured while subjects performed paced joystick movements every 4 s in freely selected directions using their right hand. Regional levels of activation related to the joystick movements were compared pre-and postimplantation using SPM. Although a significant 53% improvement in striatal dopaminergic function was present by 6 months of implantation in the PD patients, which subsequently plateaued, improvements in the "off" UPDRS score and movement-related frontal activation improved linearly over the course of the 2 years, at which time they reached significance (FIG. 1) . Levels of SMA rCBF increase induced during arm movement were 5% at baseline, 6% (NS) by 7 months after surgery, and 10% (p Ͻ 0.01) 20 months after grafting.
The fact that clinical improvement paralleled the restoration of levels of frontal activation rather than improvements in striatal dopamine storage capacity, and continued after the latter had plateaued, suggests that relief of symptoms after implantation of fetal dopaminergic cells requires maturation of dopamine release from these cells and functional reafferentation of striatothalamocortical circuitries, along with an increased ability to produce and store dopamine.
Piccini and coworkers 71 have demonstrated that synaptic dopamine release from nigral transplants can be monitored using 11 C-raclopride PET. They reported changes in striatal dopamine D2 receptor availability after an amphetamine challenge in a unilaterally grafted PD patient. Ten years after implantation of fetal dopamine cells into the right putamen, the graft had restored both basal and drug-induced dopamine release to normal levels (FIG. 2) . This was associated with marked clinical benefit and normal levels of dopamine storage, as evidenced by 18 F-dopa uptake, in the grafted putamen. These data indicate that, despite an ongoing disease process, grafted neurons can continue for a decade to store and release dopamine and give rise to substantial symptomatic relief.
Mechanisms of "off" dyskinesias following transplantation
The pathogenesis of post-transplant dyskinesias present when off medication remains unclear. One possibility is excessive or aberrant dopaminergic stimulation, and this viewpoint is supported by two observations: 1) in the Denver series, those patients with persistent dyskinesias off medication after transplantation showed unexpected and asymmetric increases in 18 F-dopa uptake in the nongrafted ventral striatum, 72 and 2) two patients who underwent surgery in the Tampa double-blind trial had "off" dyskinesia associated with increased caudate 18 F-dopa uptake in one and greater than expected striatal 11 C-raclopride displacement after levodopa in both cases. 73 Additionally, in both patients, 11 C-raclopride binding in the "off" state was reduced below normal, suggesting that striatal D2 receptors were occupied by excessive release of DA both basally and after levodopa. Against this viewpoint, however, is the fact that the open Swedish series noted "off" dyskinesias in only a minority of cases and these were relatively mild despite normalization of putamen 18 F-dopa uptake on occasion. 74 Severity of "off" dyskinesia in affected patients was inversely correlated with baseline 18 F-dopa uptake before surgery rather than postimplant increases and also correlated with the amount of fetal tissue implanted. The authors argued against "off" dyskinesias arising as a consequence of excessive dopaminergic function. In support, in the Tampa double-blind trial there was again no obvious relationship between the emergence of increased dyskinesia and increases in 18 F-dopa uptake.
TRANSPLANTATION IN HD
Transplantation of embryonic striatal tissue into the degenerated striatum of rat and primate models of HD has been shown to be safe and has demonstrated good graft survival with differentiation and integration of striatal grafts into host striatum. Recovery of striatal dopamine D2 binding in rats and marmosets lesioned with ibotenic acid after implantation of fetal striatal tissue has been detected with 11 C-raclopride PET. [75] [76] [77] In primate models, recovery of skilled motor and cognitive performance has been reported within 2 months and improvements in dystonia scores within 4-5 months of grafting. 78, 79 Physiological, neurochemical, and anatomical studies have shown that a partial restoration of striatal input and output circuitry by implanted striatal neurons does occur, but the time course of this in primates and humans remains unclear.
Clinical studies of the possible therapeutic effects of striatal allografts in patients with HD are now running in the United States, France, and England. Bachoud-Levi and coworkers 80 reported that three of five HD patients implanted with striatal cells from 8-to 9-week gestation fetuses improved over the course of 12 months, whereas two deteriorated. In the three that clinically improved, it was possible to detect striatal graft function, as evidenced by islands of increased glucose utilization seen with 18 FDG PET, but not in the two cases who subsequently deteriorated.
In an open series in Tampa, seven symptomatic HD patients had bilateral implantation of between two and eight fetal striata per side in two staged procedures. 81 Again, tissue was dissected from the lateral half of the lateral ventricular eminence of donors 8-9 weeks after conception. Subjects received cyclosporine for 6 months. These patients were studied with 18 FDG, 11 C-SCH23390, and 11 C-raclopride PET. Monitoring striatal dopamine receptor binding has a theoretical advantage over monitoring glucose metabolism because regeneration of dopamine receptors should provide a clear indication of graft function, whereas improved glucose metabolism could also reflect active graft rejection (FIG. 3) .
Overall, there was no significant change in mean unified HD rating scale (UHDRS) motor scores (32.9 Ϯ 6.2 at baseline and 29.7 Ϯ 7.5 12 months after surgery); however, if one subject who deteriorated because of development of symptomatic bilateral subdural hematomata was excluded, a significant improvement in mean UHDRS motor scores was seen (33.8 Ϯ 6.2 at baseline and 27.5 Ϯ 5.2 at 12 months; p ϭ 0.03). PET showed no significant change in striatal glucose metabolism, dopamine D1, or D2 receptor binding 11 months after implantation; however, there was a trend toward a correlation between changes in striatal D1 binding and UHDRS scores. In this series, three subjects developed subdural hemorrhages, and two required surgical drainage. One subject died 18 months after surgery, and autopsy demonstrated clearly demarcated grafts of typical developing striatal morphology, with host-derived dopaminergic fibers extending into the grafts and no evidence of immune rejection.
To summarize, two open series have now demonstrated that transplantation of human fetal striatal cells is feasible in HD, and survival of transplanted cells has been demonstrated on occasion both with FDG-PET and at postmortem. Improvement in disability has been inconsistent and mild, and patients appear to be at some risk for subdural hematomata after transplantation surgery.
CONCLUSIONS
Functional imaging has provided objective evidence that grafts of fetal dopaminergic tissue can survive in PD patients and increase striatal dopamine storage capacity. There appears, however, to be a dissociation between graft 18 F-dopa uptake and clinical improvement that correlates better with levels of cortical activation during tasks. This suggests that fetal tissue needs to mature and form connections with the host striatum before function of corticostriatal loops can be restored and may explain the failure of many PD patients to improve clinically despite apparent graft function. Two small open series of transplanted HD cases have shown inconsistent PET evidence of graft function and clinical response. In the future, it is likely that PET and SPECT will be used to study ways of improving graft viability with antiapoptotic agents and neuroprotective agents, the inflammatory responses to transplantation using tracers such as the activated microglial marker 11 C-PK11195 PET, and for studying the efficacy of implanted transformed and stem cell lines. The failure of some patients to respond to grafts clinically despite the PET and SPECT evidence of implanted tissue function, however, implies that functional imaging is not currently suitable for use as a surrogate endpoint.
